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C’ASSINI  1’ROGRAM  LII’I)AI’1:

C. I’. Jones
Spaccclaf~  lkvclopi~~cn~ h4ana:ci,  (’:issini

Jc[ I]]opulsi(m  1.abora[my
(’a]ifol”lll[l lll~[ltl]tl’  o f  ‘]’CCl)lIolo~~”

I’awlcna.  [’alifot nia

Abstt ;ic[

“1’lm(’assini  l’l(~jcc[ is NASA’sr~cx[  ]l~issio[~t  (jtllco L]tc>l”
p]anc(s.  h4:lll:t:cci ;lttllc Jctl't()pL]lsi( ~lll.alJ(J] :lt()l}J:ill(l \\i[ll
(I)c joint par[ici]xtlio]]  of” lIIC l~ul(q>can Space Aycncy (ISA)
and Agcn~ia Sl)alialc IIali;ina (AS]), ~’assini v’ill accolnplisll
a cmnplcilcnsivc sul-vcy of lIIC p]anc[ Salurll, “1’i[an and ltlc
icy salcllilcsot’ltlc  S:illll ili:ill syslc]ll. lllcrill:s, :ill(lttlc
Saturilian  rtl:i:r]ct(lsI>t]clc. }irly in 1992, tltc }’rt)jccl
cxpcricrrccd significant cllan:c  as the realities 01 Il)c national
ccw]iort)~  and bud:ct  p r e s s u r e s  forcc(]  a NASA -\\’idc rc~’icw
of its prqmims.  ‘]”hc ~’mnct l{ctl(icT\’(JLls/Aslcrt)  i(i ];]yt)y
(( Y<AI’) mission Ur:if dclctcd from [IIC (’RAl’/Cassini  l’rojcc[
and Il)c rclnaininp,  Cassini prx)jcct w’as Iurlhcr  rcscopcd  to
rcducc LXX(. Many of the Lwst-savinps  measures involved
rducillg Iltc capabilities of [k spacecraft systcm.  q’bis
paper examines tlrc features 01 the rcdcsigncd  s}mcccraft at
Ibc time of t}]c rcscwpc in Spring, 1992 and cmopam it [0
today’s design 18 n)(mllIs  l:itcr.

(~assini  Missiorl Ovcwficy

in October t W/, Ihc Cassini spacecraft will bc launched
using a ~’itan lV/Centaur launch vchic]c. I“hc spacecraft will
bc pkcd on a (i.’i-yrxr  Vmus-Venus-lLarttl-Jupitg (iravity
Assist (VVILIGA)  I’rajcctory to Saturn (I~ig. 1). I’hc Venus
p,ravity assists enable a much greater injcctd mass,
providin:  for more scicncc oppormnitics at Saturn. ‘1’hc
pc.rit]clion  of the first orbit is 0,68 AU* and is the
spacecraft’s clrrscst  approach to tbc Sun. Co][lllltlrlicati(>rls
during the inner solar systcw cruise, includin:  the Venus k:,,
is lilnitcd to lIIC usc of one of the spacecraft’s low-gain
antennas, since ttle high-gain antenna is nccdcd  to skdc
most 01 tllc spacecraft.

‘1’hc llar[l]  flyby in August  t 999 places the Cassini
spacccr-aft on a trajectory for a Jupiter encounter 16 morrtljs
Ialcr. lhll-ing  the cruise bctwccn Jupiter and Saturn, tbc
science instruments arc turrtrxl or] and ca]ibratcd.  In June
2(KM, tl~c spacecraft arl ivcs at Saturn. Tbc closest approach
to Saturn (an altitude of 0.3 Saturn radii) occurs cturirr:, the
tM-nlinutc Satunl Orbit ]nscrlion  (S01)  maneuver. IMc [0
this unique scicncc  opportunity (ring occultations, high-
rcsolution imaging, etc.), the start of ttm maneuver is delayed
until pcriapsis so that scicncc drscrvations  can trc rnadc
during approach.

*An asmmrmical  unit (ALJ) is the mean distance bctwccn
the Sun and ttlc Ilal-th. about 150 million k]n.
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l;i:. 1. Cassini Oct. 1997 VV1;JGA
lntcrplarrctar~,  ‘J’r:+jcctory

}Ialfway through the orbiter’s initial 152-day orbit tbc
main engine is fired a~,ain to raise pcriapsis and to cstfiblish
the proper gcomctly for tlw ]luyg,cns Probe rclcasc and relay.
I’mbc  rctcasc occurs about 22 clays prim to ttrc f]rsl  I’itan
flyby. The Probe flies directly into “J’itan’s  atnmsphcrc.
l)uring, dcsccnt il gathers iN silu  data of ttlc atmosphere
constituents and winds, tclcrnctcring  thcm back to the
spacecraft for storage and later rcp]ay b:ick [o I ;arlll. ‘1’hc
Pmbc mission lasts up [0 2.5 tmurs before the Plobc impacts
the surface.

‘I”hc orbiter’s mission tasts for four years during  which
there arc rnultiplc Titan cncrmtcrs for botb scicncc
acquisition and gravity-assisted orbit nmdif]cation.
Numcmus Sun and };arltl occultations arc planned fur Saturrl
anti I’itan, as are flybys of sclcctcd icy satellites. “J’owar(l [k
cnct of tllc four-year tour, the orbits will tiavc bccmnc
oriented such that the apoapscs will bc alipncci in a nearly
anti-Sun ciircction  and ttlc inclination will :ipproach 85
degrees. Ibis geometry will pcrrnit ma:nctic  tail studies and
ncarty  vcrlic:il viewing of tllc rings. 3’hc baseline Inission
ends in June 2(Kt8,  about 10.7 years after launch.

Rcsco~ngtlIc  .@sinimc_c!

lly January 1992, the CRAI’/Cassini  I’rojcct had already
held the Spacecraft Systcm Preliminary IJcsign Review
(PIJR)  and the Attitude arrd Articulation Control Suhsystcm
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● sigt]ificalltlv  rc(lucc(l  I’mkct cost
$

.
. ]Iad a [ar:cl dry T]lass of 2 ] (K) k:, (]atel updalcd 10

?Isokg)
● t~’:ist)[)cl:itiorl:llly  simpler
● supp(Mtcd  lIIC }Iuygcns’1’ilan  Ihobc  aIId plcscnl

il)SII”UlllCI)l  COlllJ)hllCI)t

. lc(aind ttlc forcigll partnerships

. r~’lainrd USC o f  ’a l l  :iwmblics prcscn{ly (mcoII[lacl.

‘1’tw teal]) \Ya; ~ikfcn several dc~rc’cs of lrccdotl~ 10
acc(mplisll  Illis task:

● IIlc “l]lissit)rll  ]]ocic’’(l c:li-tilllc science ac(iuiiilion
vs. “N’laycllan  h4(dc” (i.e., ]ccortll)l:lyt~:lck))

● tilcori)ilal  l(mI (icsi~n
● lilt nun)iw I/cxtcnl of arlicuia~c(i clclt)cnts. if

p(~il]lin~  cx~uidbc acilicvc(i tilr(mgilOlilCl  lnc:in~
● tllc nunli)cl/&ita ra[c of lclcmcll-y links
. ti)c scirncc ir]s[llllllclll  czii>iiilili[ics.

()]]ttlisitisllll:iltc]  ofirJslr-Lllllcrll cal>ilt)iiitics, tllcscicrlcc
]-c]~]~’scrll:tlivcsto the team established a lowc] limit of “lcn
tin~cs Voyapcr”  (in tcmsolS at urn mission ]-ctum)  as an
acccplancc Criterion for proposed instrument changes.

“I’hc Januiiry 1992Cassilli  c()llfigLlrziti{) lJisstl()w'rl irl I:ip,.
?. "l'i]csl):lcccraft:iJlI)cll(lngcssLlp[]ortir~gtilcir]strlllllcllt
platlorm and  tLll”lltd)iC  (SCC  below) aTc  in tilcir (icpioycci, or
cr-uisc, confrguratiorr.  I’hisfrgure  rdicctsthccicsign
prcscntcd  at the Mission ami Spacccraf[  Systcm l’rclirninary
l)csign l<cvicw (l’IIR),  hcl(i.lunc 18-21,  1991. Anothcrvicw
ofti~csystcru  is shown in I;i~,.3. I%wscal  inglcfcrcncc,  the
}Iigh-(iain  Anlcnna (llGA)  is 4 meters in ciiarnctcr.

[ r’.
W’IN lNGIM[  (2) 1

l:ig. 2. Cassini  Sp:icccraft  in Cruise Confrguralion
January (1992)

(icneral Ikscr-iplion

q“he silacccraft  ivas (icsignc(i  as a (ilrcc-axis a[litudc-
s[zii)iii~cti syslcll), utiiiyiny reaction \\ilccis  al)(i  ilycirazirlc-
fucicci altitu(ic controi tilruslcrs  10 provi(ic  Conlro]  Imqucs

:li  K)U( :I]i :iXCS,

‘i’i)c siulcccrafl c(mt’rguralion  inciu[ic(i atv(-axi~
arti(uialc’(i  lii~i]-l)rcc  ision Scan i’lallorln (iii)S i’) to v’illcii
\vcrc rtlour}[c(i  irlsttulllcn[s rcquirin:  lrc(iuc[lt  ili~i]-i>tc’cisior]
pointins :ll~(it]igil-r:ltc(L]]~to  1 (icg[c~c~s(’co] ~(i)slctlil]g.  A
‘i’urr][ailic  (“1”1’) i)rovidc(i ii sivcill l]cl(i-of-~icii  (1’OV)  01
,,[L.;t[cr ti];]r]  2 i~i s[cracii:lr]~  fol flci(is  al)(i particicsc
inslrunlct]ts. lnftru]nents ti]at (iici not ]c(iuirc  ctlan~es t(~ti]cir
i(J()k(iilccli(  )rl\\crcr  ]l()LlrJtcLi( )rllilcs  ]);icccr2il`ls lrLlctLlrL'.  “i’hc
[’2i\siJli stl Llc[Llrc c()llsistc(i  ()l'ti]c l()li()\$irlyk  cyciclllcrlls:

ljicc’trorljcsill]s,  ‘1’tlcsi)acccraft  stl-llclllr ~’lr]cori)or:i  tcciil”
l?.i~;,y \/f,y~tg,cr/[;:tl iicolyI)cc icc[lf)lIicsi  Jll\.  l’hCbUS\\’:l\

. .

c(msi(ic]c(i  a primary struct  Lrrai  clcrncnt of the sixicccrafi an(i
suppor(c(i  tile iligil-gain at]lcnna arici an I i-lllctcr dcpioy’:itlic
ll~:tgl~cto]]lctcr[  >()()lrl  (hf AG). on ttlisbooro were Iocat(!(i  ti]c
h4ACi scrlst)rs  ;trl(i[i]c r;l(ii()  :lll(ii~i;i\ll~ a\\)a\'c  scicnm
sut)syslcrn  (i{i’WS)  antennas.

lJI)l)cr l:(llli[~rl~cr~ t.h40(it!ic(  LJlj M). l’llcLJl~Mcol~rlcc~c(i
t}lct~tls t()tilc l'r()ptllsi()rl  h4()(iuic SLlt]sys[crl~ (1'MS).  ‘1’hc
LJILM provi(ic(i  support for- both tile }11’S1’ an(i tile 3-1’ booms.
An ariiculatcci rcciunciant reaction whcci was aiso iocatc(i on
tl]c LJ1;M.

~~~gl];qtliprllcrltM  o~l!C_fl.!lM). l“llcl.Iih4 stl[~portc(i
ti]c ti]rcc Radioisotope Thcnnocicctric  C,cncrators (RT(; s),
the ti]rcc flxc(i AACS Rcriction Whccis Assemblies (RWA),
lmv-ciain  Antenna 2 (1.GA 2), ami titc spaccclaft scpa!-ation
ilar(iwarc. The I,}iMprovi(ic(i  tilcintcrfacc  toti~clil;car
separation bancimountc(i  tott~c launch vciliclc a(iaJNcr.
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I’ig,. 3. Cassini Spacecraft Vicwc(i from + Y
January (1992)
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l:lg, 6. Rcscopcd  Cassini Spacccv all

to k bascbody.  the calibratim  targ,cl  for the HPSI’
instl-Lllllcllts  i s  no  kmgcr llSCfLl]  :incl  Ilas bcerl  rcnmvcd.

S c i e n c e  instrarncnts  a r c  ]ocatcd  m Iwo pa]ict  Stl”uL’tLlrCS:  thC

l<cnmtc  Sensing l’tillct (RSI’)  anti the }:iclds and }’:irticlcs
}’:illct  (l:} ’l’). I’bcsc configurations arc shown in }:igs. 7 and
8, rcspcctivcly.

Since the rcscopc  of April 1992, the most si~,niflcant
conftgar-a[ion  change  has been the elimination of the Probe
Relay Antenna (l’RA). This sirnpliflcation, incorporate into
l:i~s. 6 and 7, saved mass and rclaxccl configuration
constraints bclmv the LJliM. q’hc I’mbc relay is now
accomplished using the 1 IGA.

ST 111 I’R
REFIRFN[[
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VISUAL AND lNrflARFD
,VIMS  IR SPLCTFlOMFTtfl
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NAFIROVJ.At{GLf
CAMERA

W101-ANGLE
CAh!EflA

l;i~. 7. Cassini  Spacecraft Remote Sensing Pallet

I’ow’cr  Sll&stcl]~_fJ:iT!lltir~’  ~.X2)

“]’hc Ca\sini  spacecraft l’owcr and Pytotccbnic
Subsystenl  (1’1’S) }las tlig.11  heritage from (;alilco  and
Voyager. l’bc January 1992 baseline 1’}’S included:

1 ) a IJisct]argc  Controller Assembly (lXA)  to provide
tlansicnl  power for clearing load faults,

2) ii l’owcr Crmtml  Assembly (}’CA) to bmsc  the main
fault-protection circuitry, general-purpmc power
supply (GI’1’S),  power lnar~, in detector (1’MIJ),  and
cmnmand and tclcmctry pat}ls,

};i~. 8. Cassini Spacecraft };iclds and l’articles Pallet
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‘I() SiI\,C COSIS,  tI\I() of the ncw R1’(is of’ Il]c January 199?
hasclinc \vcrc rcpl:tccd with inbcl-itcd hardware. (hit of’
Illcrn was a fueled spzirc gcncrato]’ (Ion) Itlc Galileo IMC).ICC1:
Il)c ottlcr \\as  a spalc convcricr ll(ml (;aiilco  supplied v.ill]
nc\v lucl. I:(JT Illc pulqmc of projcclin:  powcl cx)nsulllplioll
and ]]lakin~ (icsipll  decisions Il]a[  cffccl pow’cl  nla[gill, [Ilis is
the }< ’1 ’(; conf’l~ulali(m thal is a\sulilcd.  Sinuc timn, Ilo\vc\cr.
tllc al Icady fueled (;alilco  spare Im been dcsignalcd a~ the
{’assilli  s]x~lc’ and ]cplaccd  for fiishl by ii ncw uni(. ‘1’IIc
actual lli~llt c(mlplcnlcnl  ttlclcfo]c  is tivo ncw }{” I’(is al]cl a
(;alilco  spal(’ will] ncu f’ucl.  Availal)]c  p(nvcr  cs[ill~a[cs
bafcd 011 tllc conscl ~atilcly  ]atcd }<”l’(i  corl]plcmcllt arc
Shown l)clo\ \’.

hlisslt)r] ‘1 Illlc rou’ct  (walls,  3 1<.”1’[;s)

lkginninp  01” Mission 813
Saturn (htli( lnscrli(m 677
}’lotx’  Rclcasc 67.-3
}:nd of Missi(m 63s

Tclccy!l]lll~l!l ic[~Iif)!ls4J:i13!j  2\ry _ 1 992)

‘1’lIc Cassini  lclccoTllllJllrlic:itio]Js subsyslcrns  consist of
tbc baldwarc clcmcnts (bat provide tbc cafxibility 10 transmit
c]i~inccl inp :ind scicntif]c  dat:i from II]c spacecraft as well as
rcccivc co]nmands  fro]n tlm ground stations over I}IC COUISC

of lI)c ]nission. Uplink rates range from 7.ti (o SW bits/see.
Ihvnlink  data rates range from as low as 10 bits/see used
during tlw  inncl-  solar systcm crLlisc  to ralcs as bigll  as 249
kilohitsfscc availtiblc dul-ing much of cruise and for b)icf
periods of time during tbc four-year Saturn tour. 1’0 best
nKiIch data ralcs with lJSN covcragc and tclc]nctty pc] for-
]nancc lcquircmcnts,  rates at Saturn arc planned bctwccn 1”)
kbits and 142 kbits/scc assuming 95% conflclc.ncc of meeting
a bit crmr rcquircmcnt of I x 101{-6.  A daily average of 4.1 S
gigai~its of Satl]rrl tol]r scicncc  and engineering data is
plarmd to bc transmitted daring a typical spacecraft pass
over a 70-rnctcr  I)SN station.

in January 1992, tbc C;assini tclccornrnunic:  itions was
accornplisbcd  by redundant 1 !Lwat[ X-band tl-avclin~-wavc  -
mbc mplificrs (X-’I’WTA),  rcdundan{  9-watt  Ka-lland
‘t”W’l’As, and an Antenna Subsystcm consisting of a O-rnctcr

diarnctcr  }lig,l]-~;ain  A n t e n n a  (l IC;A) w i t h  S - ,  X - ,  K a - ,  a n d

Ku-band (for tbc (I:issini  RAI)AR) feeds and two 1.ow-[iain
Antennas (1 .(; As)  with X-band capability only. ~’hc
opcrxtional  plan was to crnploy tbc X-band during the cruise
period wbilc obtaining in-flight data on Ka-band
cbmctcristics and capabilities. Wbcrr arriving al Saturrl, tbc
Ka-band would bc employed cxclusivc]y  for downlink  data
tclcrnctry since it required less power to deliver
approximately tbc same data volume as X-hand. Rcdundarrt
X-band tr anspondcrs provided uplink rcccivc  c:ipabilit y and
(iatafsubcarric  r-rnodulatcd  RI; drive to tbc transmitters.

I ‘clcc!lt]~l]~lrljf~lorls  Rc.scopc(!. “1’hc (’afsini  r-cscopc irl
ttlc sptinp 01” 19[)2  h:id si~niflcant  effect\ (H)  IIlc tclc -
cortlr]lllt]ic:itio]J\” subsys[crns.  but not on tl]cir c:i[mbilit? 10

ploiidc  tllc coln]l]andirlp  and tclcrnc[ry functions origi[lally
lcquitc(i  f’or scicncc  ill)(i cnginccr ing. Onc of ttw dual K\:t-
‘1’W’I’A\  LYa\ clil]l]natcd and tllc r~srl~airlitl~ tlal]$lllittcr  wa\
(icsignalcd as a scicncc clc]ncnl 0! ltlc I<adlo I;rcqucm’!
ln~tlurncn[  Subsystcn] (1<1’1S)  \villl car-licr-only  capability!’
(rlo lclct]lctry). ‘1’hi(  action sacrificed Illc flln~’~ion:ll
rl’dund;in~’y  irlllc]cf]t i n  [Ilc ori:inal b;isclirk’. b u t  aioidcd tlw

c(hll! dcvclol)]llc[]t 01’ a t]igll-rcl iat)iliry K:l-tulld tra]]slt]][tcr.

‘I”IIC two }<cIIIotc  Ijn:inccring Units (1<}.11s) (l]at intctfaccd
[I)c K:l-balld  ca}mt~ilily to tlic (’1)S were alw) cliillina[c(i and
rcplaucd by co]IIInatd  arl(i  tclclnctly  intcrl’:iccs bctl!’ccn  t h e

l<adlo  l’lcqucrlcy Sut)\ystcnl  (RI’S)  and lllc I<}; IS. ‘1’llc 4.15
c,~li[\/d;ly  dat:~ rctllrll  is still  acbicvablc  a\ is IIIC 500 hitdsccc

corllrnand rate. ‘l”lw  point in: of tt]c X- biild ll(i Alccd was
rcttiincd a~ 3.! 4 n]r, and tl]c  Kii-band feed was “dcfocufcd”
10 ]Jlovidc 2.4 Inr tlalf’-1m\\cr bcalnwidtll  for Radio Scicrm.
A block diagram of ttlc present RI’S is slm\vn in l’ig. 11.

Additionally, tllc Llltr:l-Slablc Oscillator (LJSO) tvas
rnovcd  ill(() the l<l:S bay to prov ide  irnprovc(t  scrvicc for tl]c
Radio Scicncc  Ka- and S-band do\\mlink si~rlals.  I’llc LJSO
was also dccoli})lcd from tl)c lXqJplcr Wind I{xpcrirncnl,
since it \vas deter-rnincd tll:it I)W1:  could pr(widc its own
oscillator.

jnf[m]~ation  Subsystcrns  (Janua[y  1992)

‘1’hc spacecraft information subsystems perform five
functions: t] IJlir~k/corllrllall(ling, spacecraft cornmunica~ions,
[clcmctl-y, bulk data stora:c  rnanagcmcn[,  and spacecraft
timing, and timing syncbmnization. ~’tlcsc :irc irnplcmcntcd
in both hardware and softwm altbougb  a majority of tbc
functions arc implcrncntcd  in software. l’rior to rcscopc  all
of tbc information systcm functions were to bc dcvclopcd
prior to Iauncb.

7’JIc primary subsystem of tbc information systcm is tbc
CIX.  Using the MI I .-S’1’1)  1750A Iinginccring l;ligllt
Computer (lil:C’), [be C~IJS  rcccivcs grou]ld  commands and
ctala from tbc RI’S, promscs tbcm, and distributes tbcm to
tbc other subsystems over a MI1 .- SI’l J- 1553}1 rcciundant  data
bus. It rcccivcs data from otbcr on-board subsystems over
tbc data bus, proccsscs  it, formats it for tclcrnctry, :ind
delivers it to tl]c R13 for transmission to llartb,

I’hc original ctcsign for tbc uplink intcrfacc  included tbc
inlplcrncntation  of Consultative Comrnittcc for Space Data
Systems (CCSI )S) Command Opcrat  ions Proccdurcs q ‘ypc
Onc St:indards (COP-1). 3’t]is  standard provides rnccb:inisms
for tbc automated transmission, verification, and
retransmission of commands and [iata bctwccn ttlc g,round
and tllc spacecraft.
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an SS}<.  A]) SS1< can bc sill~tlll:il~cc)tlsly acccsscd  for read nmlillcalioll,  IIIC Il)rcc (iLI[il-rccILlll(l:tlll  155311 data tmsc\
aml WI ilc activities. Onc (’IX  string  can tiltc  IJIalc  bctwcct) w’clc  L’oll  Solld:llC(i”  Ill(()  (HIC  (ill:li-rc’Llll  ll(lillll  155.3]]  [111s. ~’k

SS}{s but can (rely inlcrfxc  \\’ill)  a sinplc  SS1< al a time. An buses wcic dclc[cd and sclcncc instlurnct)t bus uscm wclc
SS1< can bc divided into a maximllm  of cigl]t dif’fctcnt d(](i  C(i 10 tll  C Cl): iIICLV ill:  bll~. ‘I’l Ic c o m b i n e d  scicncc  d a t a

tclcmcll-y  (ki[a  slora:c  par t i t ions ,  tac t )  of  \vl]icll if collc~’[iorl balldwidll}  a]k)L’alloll  o n  II)is  rL’ll  Jaining tlLls  wa$

Lx)nflfurablc  10 onc of four dift’crcnt access modes. A (’1)S rcduucd  10  410 kil(hit\lscc.
s[rinf  can cycle bclwccn  pa! lit ion\ fi)l rcmd an[i playback
(q)cmlions.  ‘I”tm  (H(lct ing of [’1)S ]Cc(ml :ind playback “]’IIC  IL’])  )all)l  Ilf  C])aI)~c\  tla\’C  t)ccll  i[l  tt](’  \oft\v~!Ic.  \\’])cI~

opc IatioIIs  bctwccn  pal-t ilions an(i across  SSI-!S  is :IOUIKI SC VCEI] f’uncli(mf  U’CIC dCfCllc’[t  (M dC]CtLYi. A s  I])C p]:llllllll~
c(~]]lll];lrl(ltlt)lc.  l~cf(nc lCSL’()})C  full SS}/ parliti(miny ancl all tm syslrl)~ tcslin: and mission opc[ationi” t)a~ pI():l  L’sscd.

SS1/  lll~lllil~ClllCllt  SO1’IW’:11’C  \va\  to bC implcmcntcd  pl ior 10 tl(J\vcvc],  t h e  p] OICCI  bai f(mn(i  it ncccssapi  10 rcinslatc  solnc

Iaullcll. of ttlis ca[labilily. ‘1’ltc’ Icawm i’i)f tlw dct’clr:tl~ in tltc flint
place \va\ cx)sl salings.  \vllilc tllc rL’a\on\ 101 rcirls[atcmcnt

-tnforlllali(m  Subsystcm\ Rcsgopcd. “1’l)c  (’awini lla~C [)L’Cl) Ilsk llll[l~a~loll 01 a lL’d]17al1011,  f’ol  SOIIIC of” {tIClll.

inf’(ml)ali(m  subsyslcII)\  rc[ain most  01”  Ibc f u n c t i o n a l i t y  01 ttlal  ttlc function  i s  rL’quilC(l  Ciilt~  ill  lIIC  Inissio]l.  ‘1’:lblC 1
Il)c .tanuaiy 1 99? baseline. in tllc only twrd\Yalc two sricncc Sllllll]lar17CS  t]lC  lllS((H~  01 (’])S fll~tlt  SOl[\\’al”L’  dCi’c IId!\.

“1’ahlc  1. (-l)S  I;lisltl S(~fl\\arc  lkfcnal }Iislory

RILS(:Ol)lt  l)ltIiItRl{A1  .S A(:’1’1ON SIN(:I:
—

l{ I;ASON IJ()}l A(:’1’1ON
ltl+x(:ol’lt —— ——.——

C-O1’- I uplink p r o t o c o l s

Sclcclcd  systcm fault pr(}lcclim

m(mitm  and responses

~rilical  sequcncc  program type and
c r i t i c a l  scqucncc c o m m a n d s

Sclcctcd  system sc] vices

a) asyrlcllmrmus  intcrsubsystcrn  data
tr anslcr

b) ancil]:iry data broadcast and
colkt ion

c) scicncc  house-keeping data packk

All but  5 tCtC]l)Ctly  II)(X]CS

Suppo]-r of all 8 downlink  virtual
clmnncls

};ult SS1{  partition rnanagerncrrt

Sill] ultancous  dual ~l)S string rc.cording
of Critical lc]crnctry  dam

I)clclc Not required

Rci[lslatc Missio]l  r i s k

Reinstate ‘1’i~~lt design coupling to reinstated system fault
protection. hiay bc required for tauncb scqucncc
illllJlcr]lcr~l:itior].

Reinstate Nccckd  for systcm fautt protection.

Reinstate Simutatirm of this capability to support systcm test
nmrc costly ttlan flight software clcvcloprncnt.

Reinstate LJrlacccptablc  visibility into instrument
performance during systcrn  test and early lnissiorl
instrument cttcckout.

No change

No chansc

No cbangc

No ct]angc

l)cletc Onty two :irc required: onc bardwarc, onc
soft ware.

Several uplink virtual cbanncls

—

g



l:igurc 13 illuslr’ales tlm ncw AA~S block dia~ram with tlw S1OWCI-  \vittl maxin~ull~ rates nmv at 0.26c’/scc. “1’tlc spacecraft
dclctcd itclns shown in Iigllt gray. \\ill  t)c Icquird  10 opcralc in a slo}v roll llmic  (O. 1 30/see If)

0.2(,0/see) for IIIC flclds and patticlcs scicncc obscr\ations
iiml  I)crlorl))  ll(i A downl  ink sirl~lllt~lr~ct)ll\ly.  SUCI]  tlmt spacc-

“1’0 collect scicncc data, tbc spacecraft must now time clatl  nlaw proper 1! constraint\ ;irc’ nmv ilnpmcci. ‘1’abic  Ii
silarc bclwccn  tile rclnotc scnsins an(i tile flci(is  an(i particics siIINYs iloiv tl)csc Iunctions  and ti]ci] pcrl’orlnanccs  Ilavc
ol)sc’l\’:ilio  r)s.”  Sic\vs  I’(N rcrnotc-scn~in: scicncc  wiil bc cl Ianyd  II) liIc r~’dcsi:n

:, .,1
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};ig. 13. Ilffccts  o f  Rcscoping cm tbc [kssini  S p a c e c r a f t  AA(;S

‘1’able 11. Spacecraft Gmtro] l:unctions Before and After Rccicsign

l:ll]lcti[)ll/};c:itllrc ~kAl;/C:assini Cassini Redesign

Ka-barxi  (1 lGA) Pointing 0.87 mrad 2.4 ml-ad  ((icfocused Ka-bami  fee(i)

IIascbody  [’ontrol Rcactirm wbccls  and thrusters

llascbmiy Turn Rates on ‘1’hruslcrs 0.25 °/scc nominal, 0.4 °/scc available

Star Sensing Rc(iunciar[t  wi(ic-ang]c calncla (2.8° I;(JV)

Sun Scnsin: 0.010 accuracy

lncrlial Rcfcrcnce Unit (gyms) On plalfonn,  drift 0.03°/bl

Remote Scicnm l’oinl ing Accuracy 2 mra[i
(inertia])

S]cw 0.34° (Narmw-Angie I’C)V) 10 Scc

Sicw Wi(ic-Ang]c  IOV 10 scc for 2.8° I;OV

l’ickis & l’articles ami llGA 180/see (max)
IXwnlink

Stabiiity 10 nm(i/().5  scc

l’lobe 1 )ata Relay l)c(iicatc(i  antenna will] single-axis
articulation .

11

Same

Same

Rc(iun(laTlt SRU (1 4.7° I’OV)
2° accuracy

Bascbody  n~ountc(i, 10/br cirift af{cr 8 brs
since last calibration (more dcpcmicncc  on
st:ir traciicr)

saTnc

60-80” Sec

3-4 rnin for 3.5° I;C)V  (wi(ic-anp,lc  camera
I;OV changui  in rcxlcsign)

0.26 °/scc (max, roll about spacecraft z-
axis on reaction WIICCIS witil }lGA pointed
at I;artb)

Similar

Use llGA
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opcrat ioml lw~mcLs

The  lI)osl (iralnatic effect of the redesign on syslcm

olJcr-ability  is due to the loss of miculated  scicncc pointing
As on tlIc M:igcllan sp:icccrafl which pnints its radar at
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VcnLIs  tlIIou:l  I pIog IaIIIII)cd  rot:i[ions”  of” tl)c  e n t i r e  syslc II),

~’awini  muf[  ]cavc  i[s n o r m a l  I : : i r t t l - l i n e  p o i n t i n g  a n d  align

in\tI-L]lncnl  t)mcsi:t)ts  t o  piopa:a[e(t  incrlial  vccl(m

coInpLIlcd  or]tx):ircl.  llllr’iny this time, s]~:icccr:itl-to-ll:iril]
collll]~tll]ic:ttiorls” L’case iiIld IIIC (1:11:1  iilc rccordc(l 01) tllc Sol]d
State Rcc(M(Ic]. lhring a typical day in the Satulr) tour
Iougllly f’litccn tl(mr~  arc spent ~alllctin:  n)oslly rclllotc
science dala ill [Iii$ rn(xlc.  i(~ll(~wcd by nirw I](mls Of’
I)laytmk  uolnbincd vi[ll real-tinle f’Icld\ and p:ir[iclcs data
I)urin:  Il]c play b:ick ]n(xic. Illc spaccctaf’[ toll\  ab(mt tim
ll(iA axis.  “1’l)is daily “1011 IIIancu\cI” rccwc]s IUUCII (If’ the

dala  \\’i]icil tt]c f’Icld\  arid par[iclci  irl\[lLIIl)cnls  I(M[ in spa[ial
L’()\Cl”d:L’  \V]lCll  [tlC ‘1 llIIl[at)lC  \V:i\  ClilllillatCCi.

“1’tlc IL~slIL]c.[[]ring  0 1  tt)c  ~’awini  l)l-OjL’ct  \vas un(lcrlaken

10 slrcn:tl]cn  its cc(m(m]ic \,iability duri]]~  a period of
inc]c’ii\irlf  bu(ipc’1 pressures. Ail f’accl\ of’ tile dcvclopmcnt
phase were addressed during the study and savings were
found  in car]].  ‘1’lw rcsullant  loss of some of tile spaccc[aft
systc]n’s  lunc[iona] Ictiun(iancy h;i$ led to rcduccd
opcr:itional flexibility and :ivailable observation lime and to a
reduction in tl]c mission’s data rclur[l.  }Iowcvcr,  interfaces
wilil tile i~SA-sLlpp]icd  I’lobe and tile ])lobc  itself tlavc llOt
been signiflcanl]y  altered an(i tbc cmnplctc con]plcrncnt  of
scicr]cc  instrmmcnts  h:i~ hen retained. ‘I’l  Ic result is a
mission that can pcrforrn  more than ten times the scicncc as
tllc Voyag,er  Saturn mission.

Ad(iitionally, the new mission is robust witil respect [o

Titan IV launch pcrforrnancc, the spacecraft and scicncc
instrument caJJabililics arc sufficient to accomplish the
mission objcctivcs, and tbc program costs have been rcduccd
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